I n f a n t henatocrit varies w i t h both gestational age and postnatal age. I t has been assuned t h a t t h e r i s e i n hematccrit v h i c h occurs frcm f i r s t t o t h i r d trimester i s an adaptation t o increase oxygen needs and t h e r e l a t i v e i n t r a u t e r i n e hypoxia. Three decades ago nwborns w i t h markedly elevated hematocrits and s e r ious cardiorespiratory d i s t r e s s were described. Often the symptomatic i n f a n t was t h e r e c i p i e n t o f a twin-to-twin transfusion. These e a r l y case reports are the f i r s t docunented cases o f what I s now described as neonatal polycythemia.
I n f a n t henatocrit varies w i t h both gestational age and postnatal age. I t has been assuned t h a t t h e r i s e i n hematccrit v h i c h occurs frcm f i r s t t o t h i r d trimester i s an adaptation t o increase oxygen needs and t h e r e l a t i v e i n t r a u t e r i n e hypoxia. Three decades ago nwborns w i t h markedly elevated hematocrits and s e r ious cardiorespiratory d i s t r e s s were described. Often the symptomatic i n f a n t was t h e r e c i p i e n t o f a twin-to-twin transfusion. These e a r l y case reports are the f i r s t docunented cases o f what I s now described as neonatal polycythemia.
I n 1966, Baun (1) i d e n t i f i e d an elevated v i s c o s i t y I n blood frcm i n f a n t s who were polycythemic. This elevation i n v i s c o s i t y was believed t o decrease peripheral blood flow and hence might explain t h e pathology asxxriated w l t h nematal polycythemla. A new condition, neonatal hyperviscosity, was described. I t i s c m but inaccurate t o equate neonatal polycythemla and neonatal hyperviscoslty. The d e f l n i t l o n s o f each are speclfi c and, although overlapping, do n o t exactly define the sane population.
Neonatal polycythemla i s most c m l y described as a venous hematocrit of 65%. Levels as l w as 60% o r as high as 70% have a l s o been suggested. Variations i n sample s i t e o r postnatal age ccnpomd t h e d i f f i c u l t y i n d e f i n i n g neonatal polycythemla.
Linderkzrw (3) and G a t t i (2) have d e r s t r a t e d the v a r i a b i l i t y between c a p i l l a r y and venous henatocrit values. Shohat (4) was able t o d a m s t r a t e dynmic changes i n both venous henatocrit and v i s c o s i t y m e a s u r m t s . By two hours o f age there I s a l i n e a r c o r r e l a t i o n between cord blood hematocrlt and venous hematocrlt. Thus, cord blood hematocrit may be a r e l i a b l e technique for i n it i a l screening. However, t h i s technique may miss lnfants who becum? polycythemic as a r e s u l t o f acute placental transfusion.
Neonatal hyperviscosity r e f e r s t o a c h a r a c t e r i s t i c of b l d vhich increases w i t h henatocrit. Several other factors a l s o contribute t o t h e v i s c o s i t y of whole blood. Pmng these are large p l a s m proteins and s t i f f n e s s o f t h e red blood c e l l mmbrane. m k e i t irrposslble t o equate the two conditions. At t h e higher hem t o c r i t l e v e l s a l l polycythemic l n f a n t s are hyperviscous. S m infants without polycythemla have abnormal whole blood v i s c o s i t y . S m polycythemic lnfants are hyperviscous. I n the r m i n d e r of t h i s r e v i w t h e c l i n i c a l signs and outcane associated w i t h the two ccnditions w i l l be descussed.
Infants w l t h polycythemia and hyperviscosity often present w i t h cardiorespiratory signs which mimic cyanotic consenltal heart disease. Tachypnea, tachycardia, cyanosis, and awea have a l l been described as we1 l as p u l m a r y hypertension.
Central nervous system signs a r e c m including t h e non spec i f i c f i n d i n g s of i r r i t a b i l i t y , rapid s t a t e changes, vasarator i n s t a b i l i t y , lethargy, poor tone, and poor feeding. Early rep o r t s o f polycythemic infants frequently reported seizures. Prospective screening o f i n f a n t s has i d e n t i f i e d f w w i t h neonatal seizures. Obvious c e n t r a l nervous system hemorrhage i s a l s o mc m .
More recently there has becane Increasing evidence t h a t polycythemia/hyperviscosity i s a frequent cause o f necrotlzing enterm01 i t i s (NEC) when It appears i n the t e n infant. Polycythemlc infants mdergolng p a r t i a l p l a s m exchange w l t h f r e s h frozen plasma seem p a r t i c u l a r l y vulnerable t o developing a spect r u n o f g a s t r o i n t e s t i n a l i n j u r i e s . P n e m t o s l s I n t e s t i n a l i s has a l s o been seen I n many of these i n f a n t s w l t h a range o f gastroi n t e s t i n a l signs.
Renal fallure, thrcmbaytopenia, and v a r l w s other henatologic findings have a l s o been reported. Hypoglycemia i s c m l y assoc i a t e d w i t h polycythemia and may be o f greater magnitude than appreciated since t h e determination o f plasma glucose overestimates whole blood glucose. Peripheral blood flow may be severely ccmprcmised and has inproved f o l l w i n g plarnaphoresis.
Outcam following neonatal polycythemla/hyperviscosity i s l a r g e l y dependent upon t h e method used t o i d e n t i f y the subjects. Seriously canprcmlsed i n f a n t s as o r i g i n a l l y described a r e n o t t h e r u l e . Most infants have svmptms t h a t are less obvious. The most symptomtic infants I n e a r l y studies had developnental delays and neurologic handicaps. Prospective screening i d e n t l f l e s a group o f i n f a n t s f o r rvkm the outcane remains controversial. Several aut h o r s have f a i l e d t o shcw s l g n l f i c a n t impairment a t 1-6 years. Our studies suggest t h a t there are c l e a r differences between polycythemlc l n f a n t s and a canparison group a t two years o f age.
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Posthypoxlc t i s s u e d m g e could be caused by oxygen free radicals generated by hypoxanthine (Hx)-xanthine oxidase (XO)
n d i c a t i n g t h a t surfactant was inactivated e i t h e r by peroxidation o r by the i n d u c t l m of surfactant I n h i b i t o r . 2) XO applied i n t o t+ airways o f guinea pigs acute!y induced l m g hemorrhage and edema. The lung c a w 1 lance was drarmt i c a l l y reduced. h e s i n g l e appl icat i c n o f X O induced long t e n e f f e c t s m the l m g s as well. A f t e r 2 days thickening o f alveolar septae and pro1 i f e r a t ion of type 2 c e l l s were observed. F u r t h e m r e , there was rn Increased n u b e r of a l v e e l a r macrophages. 7 and 14 days afterwards t h e h i s t o l o g i c a l changes.
seemd t o have normal ized, lung c a w 1 lance, hwever, was s t i l s i gdif i c a n t l y lauered. 3) Superoxide disrmtase glven together w i t h XO protected against XO.
The e x p e r i m n t a l data s h w t h a t the hypoxanthine-xanthine 0x1-dase system potently destroys t h e l m g s m d e r e x p e r i m n t a l condlt i m s .
Red Cell Aggregation in the Neonate
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The v i s c o m e t r i c c h a r a c t e r i s t i c s o f n e o n a t a l b l o o d show d i s t i n c t d i f f e r e n c e s f r o m t h o s e o f a d u l t s ( 1 , 2 ) ; i n p a r t i c u l a r i t i s f o u n d t h a t a t a g i v e n h a e m a t o c r i t n e o n a t a l b l o o d g e n e r a l l y e x h i b i t s l o w e r v i s c o s i t y a t a l l s h e a r r a t e s . I n p a r t t h i s i s due t o t h e l o w e r plasma v i s c o s i t y t h a t i s a l s o f o u n d i n t h e n e o n a t e . The e f f e c t o f t h i s plasma d i f f e r e n c e can be removed b y c a l c u l a t i n g r e l a t i v e v i s c o s i t and when t h i s i s done t h e h i g h s h e a r r a t e v a l u e s o f t h e two t y p e s o f b l o o d become s i m i l a r b u t t h e l o w s h e a r r a t e d i f f e r e n c e p e r s i s t s .
Since i t i s u s u a l l y a c c e p t e d t h a t t h e e l e v a t e d l o w s h e a r r a t e v i s c o s i t y o f a d u l t b l o c d i s due t o r o u l e a u x f o r m a t i o n , i t i s t o be e x p e c t e d t h a t t h e l a t t e r w i l l be r e d u c e d i n t h e n e o n a t e and t h i s has been c o n f i r m e d e x p e r i m e n t a l l y .
The cause o f t h e r e d u c e d a g g r e g a t i o n must l i e i n t h e r e d c e l l o r i n t h e plasma o r b o t h . However plasma exchange e x p e r i m e n t s i n d i c a t e t h a t a d u l t and n e o n a t a l c e l l s a g g r e g a t e s i m i l a r l y when suspended i n a d u l t plasma, w h i l e b o t h show r e d u c e d a g g r e g a t i o n i n n e o n a t a l plasma ( 2 ) . Of t h e a g g r e g a t i n g a g e n t s i n a d u l t b l o o d f i b r i n o g e n i s by f a r t h e m o s t i m p o r t a n t , so e x p e r i m e n t s have been p e r f o r m e d i n w h i c h b o t h c e l l t y p e s were suspended i n s o l u t i o n s o f p u r i f i e d a d u l t f i b r i n o g e n .
A g a i n t h e y showed s i m i l a r d e g r e e s o f r o u l e a u x f o r m a t i o n .
The c o n c l u s i o n i s t h e r e f o r e t h a t t h e r e d u c e d a g g r e g a t i o n f o u n d i n n e o n a t a l b l o o d i s n o t due t o c e l l u l a r d i f f e r e n c e s , b u t r a t h e r t o v a r i a t i o n s i n t h e c o m p o s i t i o n o f t h e plasma.
One
o r m a t i o n ( e s p e c i a l l y f i b r i n o g e n ) a r e l e s s c o n c e n t r a t e d .
However d i l u t i o n e x p e r i m e n t s o n a d u l t b l o o d show t h a t t h i s c a n n o t e x p l a i n f u l l y t h e r e d u c e d c e l l u l a r a g g r e g a t i o n i n t h e n e w -b o r n .
As a r e s u l t a s t u d y h a s been made o f t h e f i b r i n o g e n o f n e o n a t a l b l o o d t o s e e i f i t shows a l t e r e d c e l l u l a r a g g r e g a t i n g a b i l i t y . A d u l t f i b r i n o g e n i s t h o u g h t t o i n d u c e r o u l e a u x f o r m a t i o n b y b r i d g i n g b e t w e e n a d j a c e n t c e l l membranes b i n d i n g t h e m t o g e t h e r a g a i n s t t h e i n h e r e n t r e p u l s i o n d u e t o membrane c h a r g e e f f e c t s .
The phenomenon seems t o b e v e r y c h a r g e d e p e n d e n t s i n c e r e d u c i n g t h e s i a l i c a c i d ( t h e m a j o r c h a r g e ) c o n t e n t o f f i b r i n o g e n b y n e u r a m i n i d a s e t r e a t m e n t e n h a n c e s i t s a d s o r p t i o n t o t h e r e d c e l l ( 3 ) .
The r e l e v a n c e o f t h i s t o t h e c u r r e n t s t u d y i s t h a t t h e r e i s now q o o d e v i d e n c e f o r a f e t a l v a r i a n t o f f i b r i n o q e n i n n e o n a t a ~ -a n d 6 . 1 t 1 . 0 r e s p e c t i v e l y ; t h e s e a r e s i g n i f i c a n t l y d i f f e r e n t ( P c o . 0 1 ) . I t i s t o b e e x p e c t e d t h e r e f o r e t h a t t h i s h y p e r s i a l a t i o n w i l l r e d u c e r o u l e a u x f o r m a t i o n . F i b r i n o g e n s h a v e t h e r e t o r e b e e n p u r i f i e d f r o m p o o l e d n e o n a t a l o r a d u l t p l a s m a s a n d t h e i r e f f e c t s o n n e o n a t a l o r a d u l t p l a s m a s a n d t h e i r e f f e c t s o n n e o n a t a l a n d a d u l t r e d c e l l s compared. I f i s f o u n d t h a t t h e t h r e s ho l d c o n c e n t r a t i o n o f n e o n a t a l f i b r i n o g e n r e q u i r e d t o i n d u c e r o u l e a u x f o r m a t i o n i s r o u g h l y d o u b l e t h a t f o r t h e a d u l t p r e p a r a t i o n a n d i s c o n s i s t e n t l y l e s s a g g r e g a t i n g .
The c o n c l u s i o n i s , t h e r e f o r e , t h a t t h e l o w e r e d v i s c o s i t y o f n e o n a t a l b l o o d i s due t o s e v e r a l f a c t o r s .
The l o w e r p l a s m a v i s c o s i t y g i v e s a g e n e r a l r e d u c t i o n , w h i l e t h e l o w e r l e v e l s o f a g g r e g a t i n g p r o t e i n s a n d t h e p r e s e n c e o f a f e t a l f i b r i n o g e n v a r i a n t l e a d t o r e d u c e d r o u l e a u x f o r m a t i o n a n d a c o n s e q u e n t 
